Abstract. This article concerns the problem of assessing selected body composition parameters after completion of antitumor therapy and comparing them with the same parameters of healthy children. A high percentage of overweight and obesity, as well as abnormal fat distribution in convalescents with cancer shows a significant adverse effect of therapy on body composition and suggests the need for early intervention in terms of diet and exercise, which would help patients to quickly achieve the proper parameters of body composition. Two main problems will be mentioned during the presented data analysis. Firstly, in each group there was a small number of observations. Because of this, the real differences between examined subgroups may have been omitted. Secondarily, many variables are correlated and are not normally distributed. Therefore, beside the standard statistical tests to compare two groups, principal component analysis was applied to reduce the dimensions of the attribute space and to attempt to classify two groups of patients.
Introduction
With an increase in the curability of cancer, which is currently at about 80%, more and more attention is being paid to the late complications of antineoplastic therapy. Among these complications, primarily overweight and obesity can be distinguished. Overweight and obesity among children treated for cancer are associated with treatment including chemotherapy and especially steroidotherapy, as well as with the lack of physical activity and immobilisation caused by the disease, in addition to prolonged neutropenia, among other causes. Decrease in physical activity during treatment should be transient. However, after completion of the therapy, a lot of The aim of the study was to assess selected body composition parameters after completion of antitumor therapy and to compare them with the same parameters of healthy children.
Material
The data set used in this study comes from the Department of Pediatric Oncology and Haematology, Medical University of Bialystok. Seventy-two children were described by variables that presented measurements of the musculoskeletal system for two groups of children. The first group -the treatment group -was formed by children treated for cancer. The second group was the control and it was formed by healthy children, who were siblings of treated patients or children hospitalized for reasons other than cancer.
The attributes belonged into one of the two groups. The first group was formed by general measurements. Eleven attributes described each patient: the indication of the group, gender, diagnosis, bone marrow transplantation, taking steroids, irradiation of the central nervous system, age during research, age at diagnosis, age at the cancer treatment end, weight SDS and BMI SDS. The last two variables have been presented as standard deviation scores (SDS).
The second group of variables consisted of attributes describing body composition parameters chosen by a physician. The musculoskeletal system measurements were made using the professional medical body composition analyzer -InBody 370. It has received FDA approval and its main purpose is to diagnose hidden obesity. Parameters of four different types were measured: water, proteins, fat and minerals. Bone mineral content (BMC) is linked with osteoporosis and can be influenced by antitumor treatment.
Among the seventeen variables, ten were selected for further analysis as being of the doctor's interest: skeletal muscle mass (kg), body fat mass (%), degree of abdominal obesity (waist-hip ratio), bone mineral content (kg), protein mass (kg), mineral mass (kg), fat free mass (kg), degree of obesity, visceral fat area and intracellular water mass (l).
All of the musculoskeletal measurements were continuous values with different ranges. The slight inconvenience with these variables is as follows. The norm of each variable changes in time. Thus, for different ages and different gender, the norm is different. Due to that fact, deviations between the original values and the appropriate norms were calculated. These new values were then used for analysis.
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Methods
The Stata IC/11.0 and the SAS System were used to perform statistical calculations. For comparisons between groups, the assumption about normal distribution was checked by using the Shapiro-Wilk test. If the assumption was fulfilled, the assumption about variance equality was checked. The t-test was performed to compare two groups. If unequal variances had been shown, the Welch approximation was used. In the case of non-normal distributions, the Kruskal-Wallis test was used.
For normally distributed data, the mean values with standard deviation are presented in the results, while for non-normally distributed data, the median is shown. The difference in proportions has been checked using the Fisher exact test.
Principal component analysis was applied to reduce the multivariate problem for musculoskeletal variables. To classify the objects in a new space, the Weka system was used and the John Platt's sequential minimal optimization algorithm was used for training a support vector classifier.
In the tables below, instead of full names of the attributes, abbreviations created from their first letters may be encountered.
Results
In the dataset, among 72 children, there were 48.61% (35 children) in the treatment group and 51.39% (37 children) in the control group. Males constituted 47.22% (34) and females constituted 52.78% (38) in the whole group. There were 18 females and 17 males in the treatment group, and 20 females and 17 males in the control. In the treatment group 42.86% of patients (15 children) suffered from leukemia, 14.28% (5 children) from lymphoma and 42.86% (15 children) had solid tumors. Because of the very small number of lymphoma patients, these children have been attached to the group of leukemia patients.
Out of 35 patients, 85.71% (30) did not have bone marrow transplantation, while 5 patients did (Figure 1a) . The percentage of patients that took steroids during treatment was 65.71% (23), while 34.29% (12) did not (Figure 1b) . The percentage of patients that received irradiation of the central nervous system was 34.29% (12), while 65.71% (23) did not ( Figure 1c) .
Upon studying the homogeneity due to age between groups formed by treatment and gender, it was observed that there was no evidence of any difference in age between control and treatment groups (t = 1.24, p = 0.222). There was also no evidence that there was any difference in age between males from control and treatment groups (t = 1.876, p = 0.074), and the same was true for females (t = 0.023, p = 0.982).
Upon analyzing the treatment group, there was no difference found between females and males regarding age (t = 0.888, p = 0.381), age at diagnosis (t = 0.211, p = 0.835), age at the end of treatment (t = 0.364, p = 0.719) and time from the end of treatment (t = 0.674, p = 0.507), see Table 1 . There was no evidence that there was any difference in age between the group of patients who had fewer than 5 years from the end of treatment and the group of patients with a longer time from the end of treatment Table 2 . The two groups formed by diagnosis were also homogeneous due to age, age at diagnosis, age at the end of treatment and time from the end of treatment (Table 3) . There was also no significant difference in BMISDS between the treatment and control group (χ 2 = 2.991, 1 df, p = 0.084).
Musculoskeletal System Parameters
By using the Shapiro-Wilk test it was confirmed that none of the body composition variables were normally distributed in the entire treatment group and gender subgroups at the significance level of 0.05.
The results of comparison of musculoskeletal parameters between the treatment and control group are presented in the Table 4 . A statistically significant difference can be observed for two parameters: bone mineral content and mineral mass ( Figure 2 ). Examining differences in the mean values of parameters, gender was checked. Treated girls were compared to girls from the control group and for boys an analogical analysis was performed (Table 5 ). The differences in parameters observed between mixed gender treatment and control groups were caused by the group of girls. Bone mineral content, mineral mass, protein mass and free fat mass were variables with a statistically significant difference between median values. The differences are also presented in Figure 3 . In Table 6 and Figure 4 , the differences in parameters can be observed due to the amount of time that had passed after the end of treatment. The stabilizing process can be observed by looking at body fat mass and degree of obesity parameters. 
PCA Analysis
Studying interrelations between chosen variables in the musculoskeletal system, very strong correlations can be noticed between almost all variables. They are presented in Table 7 . For instance, the skeletal muscle mass variable is highly correlated with almost all remaining variables apart from the body fat mass variable. The values of correlation range from 0.443 for the degree of abdominal obesity variable, to 0.997 for the protein mass variable.
The body fat mass variable is most highly correlated with the degree of obesity (0.761) and the degree of abdominal obesity (0.745). The situation is similar for almost all remaining variables. This may be an indication that an additional method of analysis, such as Principal Component Analysis, can be performed to try to reduce the multivariate data into a lower dimensional issue, especially when the number of observation are rather small. If PCA is performed, the original data will be reoriented so that the multitude of original variables can be summarized by a couple of new components that capture the maximum possible information -variance -from the original attributes.
Because there were different scales used for variables in the data and the PCA is sensitive to that, the PCA based on the correlation matrix rather than the covariance matrix was calculated. The results are presented in Table 8 . The first eigenvalue equals 6.65, thus the first principal component explains 66.5% of the total sample variance (6.65/10). The first two principal components, collectively, explain 87.2% of the total sample variance. The first three principal components explain, respectively, 92.9% of the total sample variance. Consequently, sample variation is summarized very well by two principal components. The reduction in the data from 72 observations on 10 variables to 72 observations on 2 principal components is reasonable.
The scree plot of eigenvalues with an added line across the y-axis at 1 and heteroskedastic bootstrap confidence intervals, which is presented in Figure 5 , was used to decide how many principal components should be selected for further analysis. On the basis of Kaiser's rule we should retain only components with eigenvalues that exceed unity. This means that the component accounts for at least as much variation as the original variable. Two principal components should be chosen regarding this rule. Studying the scree plot in the Figure 5 , a "break" in the plot can be observed between the second and the third principal component. This may be used to confirm the results obtained by the previous method. Finally, three principal components were chosen for further analysis, to enlarge the amount of explained sample variance.
The factor loadings obtained from the analyses and final forms of the principal components' equations are shown in Table 9 and below. The factor loadings are the correlations between the original variables and principal components. By rule of thumb, only absolute values larger than 0.3 were considered. The first three principal components are as follows:
The first principal component (Comp1) is most influenced by skeletal muscle mass, bone mineral mass, protein mass, mineral mass, degree of obesity, visceral fat area and intracellular water. These variables form the pattern of general health and body composition. If someone is fit and healthy, they will have an appropriate skeletal muscle mass, bone mineral mass, protein mass, degree of obesity, and visceral fat area. If the muscles are in good condition, the amount of intracellular water mass will also be large enough. The second principal component (Comp2) is associated with fat -three variables have an influence on that component. They are body fat mass, degree of abdominal obesity (describing the waist-hip ratio) and free fat mass. This component differentiates body fat mass and fat located around the stomach from the free fat mass. The last component (Comp3) differentiates mineral variables (bone mineral mass and mineral mass) from variables associated with abnormal fat distribution.
The unexplained variances in all variables are of a similar order. The average unexplained variance is equal to the overall unexplained variance of 4%, apart from the free fat mass variable, for which the unexplained variance is about 25%. The component loadings are presented in Figure 6 . Bartlett's test of sphericity was performed to check if the analysis was reasonable. The hypothesis that the correlation matrix is an identity matrix was tested. At the significance level of 0.05 we reject the null hypothesis (χ 2 = 1500.321, p < 0.001) and can conclude that there are correlations in the data that are appropriate for principal component analysis. The value of the overall Kaiser-Meyer-Olkin Measure of Sampling Adequacy for this set of variables is 0.767, which would be labeled as 'middling'. Since the KMO Measure of Sampling Adequacy meets the minimum criteria, we do not have a problem that requires us to examine the correlation matrix and the reasonable usage of principal component analysis in this case has been confirmed. For every variable, the value of KMO is also larger than 0.5. Thus, all variables may be included in the principal components building process.
In Figure 7 , there are three two-dimensional plots of principal components with observations from treatment (circles) and control groups (squares). In all cases the groups are not separable, which provides confirmation for the results obtained with the statistical tests. In Figure 8 , shapes represent groups with time from treatment end. The circles signify observations for which the time from end of treatment is less than 5 years, while squares signify observations with time after treatment equal to or greater than 5 years. What is very interesting here is that in Figures 8a and 8c , all the square observations have values less than zero for component 2. This means that patients with longer time after treatment have smaller values of fat parameters. Only 5 patients had bone marrow transplantation; thus, the pattern obtained in Figure 9 may be accidental and the inference that was made on that basis may be a mistake.
In Figure 10 , circles denote patients who were treated without steroids versus squares, which denote patients who took steroids during treatment. We can observe that general body composition condition (first principal For the group treated with irradiation of the central nervous system, there is no difference between parameters formed by principal components when comparing these patients to the patients without irradiation (Figure 11 ). The next step, after the reduction of dimensionality in the attribute space, was the attempt to classify objects from different groups. Six analyses were performed to classify treated patients versus healthy children, treated patients versus healthy females, treated patients versus healthy males, and in the treatment group: patients with time after end of treatment from 1 to 5 years versus above 5 years, those taking steroids versus no steroids and finally patients who had irradiation of the central nervous system versus no rtx. The SMO algorithm was chosen and presented due to the best obtained results. The parameters had values as follows: complexity 10.0 and tolerance 0.01. As for a kernel function, the polynomial kernel with exponent parameter equal to 1.0 was applied. For evaluation, 10-fold cross-validation was used. The quality of classification (Q) was calculated as a percent of correctly classified instances. The area under the ROC curve and F-Measure are presented as additional measurements to confirm the classification results, which are in Table 10 . As might be expected, in all cases of classification the accuracy was not satisfactory and was at the level of approximately 60-70%. Only for boys was the value drastically smaller. In trying to separate treated and healthy children on the basis of cumulated information about musculoskeletal parameters, only 62.5% accuracy was obtained. The AUC was 0.627, while the F-measure equaled 0.662. The best results were for the separation between children taking steroids and treated children without the need to take this kind of medication. The accuracy was at the level of 71.43%, the area under the curve equaled 0.683, while F-Measure was 0.714.
All of these achievements confirm the results from the previous paragraph, where only selected singular variables were statistically different between analyzed groups. This effect was masked by other attributes.
Conclusions
Optimal body composition and a sufficient amount of exercise are key elements in preventing the development of diseases and staying healthy for years. Overweight and obesity can be particularly dangerous because of their proven influence on many diseases, including tumors. Not only well-known parameters such as body mass index can describe this problem. There are also a lot of different parameters that may show the hidden problem with body composition or cardiovascular problems in our organisms.
A lack of protein implies a lack of muscle or poor nutrition. Mineral mass is closely related to soft lean mass. If a person has more lean mass, the weight of bones strengthens, which, in turn, increases the bone mineral mass. Body fat mass can be stored under the skin, as well as in the abdomen. When a person's body fat mass is higher than the standard range, they are clinically obese. One-hundred percent normal skeletal muscle mass refers to the ideal quantity of skeletal muscle mass for a person's standard weight. One-hundred percent normal body fat mass refers to the body fat mass that a person should maintain for his/her standard weight. Visceral fat is the fat potentially stored around a person's abdominal organs and a high level of visceral fat over a long period of time puts a person at a greater risk of developing cardiovascular disease, type II diabetes, high lipid levels and hypertension. It is related to high percentage of body fat and high waisthip ratios.
The main problem with the presented data is the small number of observations made in each group. The real differences between examined subgroups may have been omitted because of that limitation. The second problem is the number of variables of physicians' interest. Many variables are correlated and that is the problem in this case. One of the ideas might be correcting standard errors by the usage of a multivariate normal model, but our data are not normally distributed here. Therefore, principal component analysis can be applied, and was applied in the case of our research, to reduce the dimension of the attribute space. New variables provide independence, but detailed information about particular differences might be lost.
The study has shown that there can be a problem among treated children with normal values of musculoskeletal parameters. Abnormal values for fat distribution are the sign to start prophylaxis and to prevent excessive weight gain among children. A high percentage of overweight and obesity as well as abnormal fat distribution in convalescents with cancer shows a significant adverse effect of therapy on body composition and suggests the need for early intervention of diet and exercise, which would help the patient to quickly achieve the proper parameters of body composition.
The results suggest the need for education and intervention in the treated group as well as the necessity of collecting a greater number of observations to confirm the real differences.
